Also, since exogenous testosterone has been shown to increase aggressive displays in free-living female Red-winged Blackbirds (Searcy 1988), we examined the seasonal profile of plasma testosterone concentration (hereafter referred to as testosterone) and looked for correlations between temporal peaks in testosterone and timing of female aggression and arrival. Although other functions cannot be ruled out in a correlative study such as ours, describing the timing and endocrine basis of female-female aggression is a necessary step towards understanding the role of this behavior in a polygynous mating system.
banded at this site nearly every year since 1969, and the habitat remains as described by Yasukawa (1979) . Unbanded females were captured in handmade Potter ground traps baited with corn. Traps were located on platforms in males' territories and on the ground in nearby feeding areas. Although it has been shown that supplemental food can influence timing of reproduction in this species (Wimberger 1988) , it is unlikely to have affected our results because: (1) bait was available on every male's territory; (2) bait was provided in small enough quantities that there was never any available 12 h after baiting; and (3) the bait was available only to birds that were captured.
To determine the arrival dates of females, a thorough census was made every day (1990), or every other day (1991), from dawn to 0900 EST on foot and by canoe. In both years we began censuses several weeks before any females were sighted (8 February 1990; 5 February 1991) and continued them well into the nesting season (25 June 1990; 31 July 1991). The probability of detecting newly arrived females was very high because: (1) until late May the study site was only sparsely covered with residual vegetation; and (2) female Red-winged Blackbirds are usually vocal when disturbed. Each sighting was plotted on a large-scale map of the study site. Unbanded females were counted as separate individuals if they were recorded at the same site on two or more consecutive censuses. Since the pattern of arrivals (by 10-day period) was similar for 1990 and 1991, with the same median, mode and range, we combined arrival data from these two years and used the combined means in correlation analyses. Arrival data shown in figures were from 1991 only.
Aggressive interactions between females were recorded opportunistically during the morning censuses in 1991. Chases were the only behavior reported, as these have a clear initiator, winner, and loser (the displaced female). We did not include aggressive interactions that occurred on or near baited platforms. To maintain independence of observations, any dyad of females seen interacting aggressively was counted only once for a given day. Dyads of females that engaged in aggression were classified as either "familiar" (nesting on same male's territory in 1991), or "nonfamiliar" (not nesting on same male's territory in 1991). We assumed that the male that behaved aggressively towards an observer checking nest contents was the mate of the female at that nest.
In each year of the study over 90% of the breeding females were uniquely color banded by the time that the last female arrived. Seven (24%) of the 29 females involved in aggressive interactions had been captured for another study shortly after they arrived at the study site. These seven females had been held in a large outdoor aviary with other female Red-winged Blackbirds for an average of seven days (range 9-26 days). Of the dyads involved in aggressive interactions, 52% involved one of these experimental females. Manipulated females were involved in 55% of observed aggressive interactions and, thus, appeared to be involved in more interactions than expected from their proportion in the study population. However, since this difference did not approach significance (X 2 = 1.2, df = 1, P > 0.2), and more detailed comparisons between the manipulated and unmanipulated females involved in this study indicate that they did not differ in several indicators of condition (e.g. mass, egg volume and clutch size; Cristol unpubl. data), data for these birds have been combined with those for unmanipulated females.
All data on testosterone were gathered in 1987 and 1988 (whereas, aggression data were gathered in 1991).
Blood samples were taken from each female's alar vein within 10 min of the time she entered a trap. We collected samples only during the period 0700-1000 to avoid the possibility of diel fluctuations in hormone titers (Joseph and Meier 1973). We collected blood in heparinized capillary tubes and stored it on ice for up to 4 h before the plasma was separated with a clinical centrifuge. Plasma samples were then stored at -20øC. Testosterone was measured in a single radioimmunassay after purification of plasma on a diatomaceous earth/glycol microcolumn (Wingfield and Farner 1975, Johnsen in press). Plasma volumes ranged from 50 to 150 ml, and the range of detectable tesrosterone was 1.9 to 500 pg. The assay detected an average of 202 pg of testosterone in standard tubes containing 250 pg.
Searches for nests were conducted one to three times each week and, once nests were located, they were inspected every one to three days. Females were associated with particular nests by noting color bands of all individuals seen incubating or carrying food or nesting materials. Nest locations were plotted on maps, and dates of the first egg were recorded as eggs were laid or were determined by backdating from hatching date. In most cases commencement of nest building could not be determined precisely because the period of nest building in female Red-winged Blackbirds is highly variable early in the breeding season (3-12 days; Cristol unpubl. data; see also Teather et al. 1988 ). Because of the openness of the habitat it is unlikely that any nests remained undiscovered, except late in the season when vegetation was very dense.
We defined aggression rate as the frequency of aggressive interactions per 10-day period divided by the mean number of birds present during that period. The date that the first egg was laid in any year was treated as day 0, and all subsequent dates have been given an appropriate Julian number. For some analyses the nesting season was divided into 10-day periods. For analyses of aggression and testosterone by reproductive stage, each female's breeding season was divided into six comparable 12-to 14-day periods as follows: arrival (28-15 days prior to clutch initiation), pre-nesting (14-1 days prior to clutch initiation), eggs (0-13 days after clutch initiation), nestlings (14-25 days after clutch initiation), fledglings (26-39 days after clutch initiation), and late (40-53 days after clutch initiation). The reproductive status of the initiating female was used for classifying aggressive interactions by reproductive stage.
All correlations were tested with Kendall partial rank-order correlation coefficients (Siegel and Castellan 1988). We used a significance level of P < 0.05, except in the case of the correlation coefficients, where a tablewide sequential Bonferroni procedure was used to adjust for multiple tests (Rice 1989). All means are presented as oe + SD in the text; standard errors are indicated in figures.
Results.--We captured or sighted 65 females in 1991, of which 49 remained at the study site and laid at least one clutch of eggs. An additional 36 unbanded females were recorded, of which seven remained at the study area and laid at least one clutch of eggs. The number of females arriving in each 10-day period (including unbanded females) decreased sharply in the 10-day period before day 0 (Fig. 1A) . The cumulative number of females present, calculated as the sum of the number present at the middle of each 10-day period, rose sharply until just after day 0 (Fig.   1A ).
Independent instances of aggressive behavior were observed 27 times and involved 21 dyads composed of 29 females. The interactions took place on the territories of 13 males between day 22 and day 25, and aggression rate peaked during the 10-day period prior to day 0 (Fig. lB) . According to reproductive stage, females were most aggressive during pre-nesting, but some females behaved aggressively during egg laying and incubation (Fig. 2) The number of females arriving in each 10-day period (hereafter arrival rate) was highly correlated with aggression rate (Table 1) • Controlling for clutch. b Controlling for testosterone. ß Controlling for arrival. a Controlling for aggression.
independent of the number of females that initiated clutches during the same period (hereafter clutch initiation rate). Neither arrival nor aggression rates were correlated with clutch initiation rate (Table 1) . Thus, the highest rates of aggression were temporally associated with the peak in arrival of prospecting females rather than with the initiation of egg laying. Mean testosterone peaked early in the season and then decreased during the 10-day period prior to day 0 and remained undetectable for the remainder of the breeding season (Fig. lB) . Even at the seasonal peak of testosterone, females had much lower plasma titers (by at least an order of magnitude) than males from the same population (Johnsen 1991). Testosterone differed significantly among 10-day periods (H, = 21.959, df -8, P = 0.005). Consideration of the reproductive stage of each female, rather than date, reveals a similar profile (Fig. 2) . Although the peak was lower in the analysis by reproductive stage, mean testosterone still differed significantly according to stage (H, = 25.652, df -5, P = 0.001).
Mean testosterone during each 10-day period was significantly correlated with aggression rate, but not when arrival rate was held constant (Table 1) . Likewise, mean testosterone was significantly correlated with arrival rate, but not when aggression rate was held constant. Because aggression and arrival rates were highly correlated, it was not possible to determine which was associated more closely in time with testosterone. Examining testosterone and frequency of aggression with respect to female reproductive stage indicates that testosterone was high before the frequency of aggression increased (Fig. 2) . The challenge hypothesis predicts that testosterone will be high at times of social instability, and the seasonal profile of testosterone in males will reflect that of aggressive encounters (Wingfield et al. 1987 (Wingfield et al. , 1990 ). Our analysis by 10-day period shows that female Red-winged Blackbirds exhibited their highest [Auk, Vol. 111 testosterone at the peak of arrival of prospective breeding females, which coincided with the peak of aggressive behavior. This is consistent with the challenge hypothesis because the peak of arrival of females should be the period of greatest social instability. However, our comparison of testosterone and frequency of aggression among females in each stage of reproduction indicates that testosterone was high before the peak of aggression. This suggests that for individual females testosterone does not correspond closely in time with aggression, or that there is a lag between the onset of high testosterone and its behavioral effects. A more detailed study in which hormone and behavioral data are gathered in the same years will be needed to more fully explain the relationship between aggression, arrival, and testosterone. Untangling the relationships between these variables for female t•ed-winged Blackbirds promises to provide a better understanding of the proximate and ultimate forces shaping female behavior in this well studied, but still puzzling, breeding system.
